To determine the relative frequencies of complications in severe early intrauterine growth-restricted (IUGR) infants.
INTRODUCTION
Very preterm infants with severe intrauterine growth restriction (IUGR) are vulnerable to the complications of both prematurity and IUGR. The complications of poor growth in utero are well described in term and near-term infants, and include hypoglycemia, polycythemia, temperature instability, and an increased risk of either asphyxia or fetal death. The literature has conflicting reports regarding morbidity and mortality in infants who are both preterm and IUGR. Several studies have found a decrease in the morbidity associated with prematurity when the infants are also poorly grown, suggesting an advantage to the stress of poor growth. [1] [2] [3] Others 4 found increased respiratory morbidity. A number of studies have confirmed that mortality in preterm growth-restricted infants is higher when compared to normally grown infants of the same gestational age. [5] [6] [7] [8] [9] [10] The impact of growth restriction on other areas of morbidity associated with prematurity remains controversial. Reports vary from higher rates of respiratory distress syndrome (RDS) in the IUGR population 4, 9 to similar rates of RDS. [6] [7] [8] 11 Some authors report higher incidences of chronic lung disease, 7, 11 necrotizing enterocolitis (NEC) 9, 12, 13 and retinopathy of prematurity (ROP), 7 which was not found by others. 14, 15 The comparison group in these studies was often a large group of appropriate-for-gestational age (AGA) preterm infants from the same time period, whose comparatively lower gestational age may seem to give the IUGR infants the advantage.
In order to better understand the neonatal outcomes of these infants at high risk for both the complications of prematurity and IUGR, we reviewed our experience of such infants who had been admitted to our neonatal intensive care unit (NICU). We chose to look at infants with severe IUGR, defined as birth weight less than the fifth percentile, where a decision on whether to intervene in a pregnancy becomes critical, combined with prematurity at 32 weeks or less gestation, where the risks of prematurity become more pronounced. We attempted to tease out the contribution of gestational age and birth weight by comparing the severe IUGR infants with a subset of preterm infants rather than all AGA preterm infants admitted to the NICU. By choosing two comparison groups, one with similar gestational age, the other with similar birth weight, the characteristics of these high-risk infants and their subsequent morbidity and mortality could be placed into perspective.
METHODS
All infants 32 weeks gestation or less with birth weight less than the fifth percentile, based on the intrauterine growth curves described by Alexander et al, 16 who were admitted to the Johns Hopkins Hospital Neonatal Intensive Care Unit (NICU) from January 1991 to December 1998 were identified from a neonatal database kept on all NICU admissions. Two comparison groups were simultaneously identified. For each IUGR infant, the subsequent chronological admission with a birth weight ±100 g from the index case was identified, forming the birth weight comparison group. Additionally, the subsequent chronological admission with the same gestational age was identified to form the gestational age comparison group. Gestational age assessment was based on maternal menstrual dating, confirmed by Ballard examination or early ultrasound dating. Exclusion criteria included infants with multiple congenital anomalies, documented congenital infections (such as culture proven cytomegalovirus infection), or infants admitted after 48 hours of age.
Maternal and neonatal demographic data as well as neonatal morbidity and mortality until discharge from the hospital were gathered by chart review by a single reviewer (SWA). The difference in mortality and morbidity between the preterm IUGR study infants and the gestational age and birth weight control groups was investigated with the w 2 statistics for categorical variables, and ANOVA with Bonferroni correction for multiple corrections for continuous variables. Significance was set at the 0.05 level. Data are shown as mean±standard deviation, median (range) or percent.
RESULTS
During the study time period, there were 4690 admissions to the NICU. Of those admissions, there were 49 infants identified as severe preterm IUGR, with 49 gestational age group infants, and 48 birth weight group infants. One IUGR infant had no comparable birth weight infant able to be identified during the study period. After chart review, infants with multiple congenital anomalies, documented congenital infections, or admission after 48 hours of age were excluded. Of the 49 IUGR infants identified, there were 39 who met the study criteria. Of the 10 infants excluded, three had multiple congenital anomalies, five were late transfers and two had confirmed congenital infections. The 48 infants in the birth weight comparison group had 15 infants excluded, leaving 33 infants. The 15 excluded infants consisted of two with multiple congenital anomalies, 11 late transfers, one congenital infection, and one with an incomplete medical record. In the gestational age comparison group, 41 of the 49 infants met the criteria. The eight excluded infants included two with multiple congenital anomalies, four late transfers, one congenital infection, and one incorrectly recorded gestational age.
Maternal characteristics are presented in Table 1 . Mothers of the severe IUGR preterm infants, although of similar age and gravidy as the other two groups, were more likely to have medical illnesses and pregnancy complications known to be associated with IUGR, while tobacco use, a known cause of decreased fetal growth, was similar in all three groups. Complications not associated with IUGR were less common.
Differences in the mean birth weights and gestational ages of the infants (Table 2) reflect the study design, and reveal the similarity in birth weight between the IUGR group and the birth weight group (744 vs 781 g), which is markedly less than the gestational age group (1370 g). Likewise, gestational age in the IUGR and gestational age groups are similar (29.6 vs 29.7 weeks) with the birth weight group being much less mature (25.5 weeks). There was a tendency to have fewer males in the IUGR group. Of the male IUGR infants, five of 17 (29%) had hypospadias, while there were no cases of hypospadias in either the birth weight or gestational age groups. Multiple gestations, a potential cause for growth restriction, were similar in all three groups.
Mortality in the severe IUGR infants was 21%, significantly higher than the infants with similar gestational age, but less than the infants of similar birth weight who were more immature. The birth weight group infants generally died in the first few days of life from a respiratory cause (Table 3 ). There were more late deaths in the IUGR group from renal and gastrointestinal compromise.
Among survivors, the severely IUGR, preterm infants had higher neonatal morbidity when compared to the preterm infants of similar gestational age ( Table 4 ). The IUGR infants had less intraventricular hemorrhage (IVH) and periventricular leukomalacia (PVL) than the infants of similar birth weight who were less mature, but had a similar incidence of ROP and length of stay. The similarity of length of stay was not a reflection of different patterns of discharge, with half of the survivors from each group being discharged home, and half being transferred to subacute facilities. The IUGR infants had higher incidences of thrombocytopenia, NEC, direct hyperbilirubinemia, and chronic lung disease. They were also much more likely to be given other gastrointestinal diagnoses related to feeding difficulties, such as gastroesophageal reflux or milk protein intolerance. IUGR infants took a similar length of time to reach full feeds (21±10 days) as the birth weight infants (25±12 days), which was longer than for the gestational age infants (15±10 days).
DISCUSSION
By comparing the morbidity and mortality found in severe IUGR preterm infants with two groups of infants, one with similar gestational age and the other similar birth weight, we have found that the combination of growth restriction and prematurity results in a constellation of morbidity and mortality that is unique from either of the comparison groups. Examining the maternal characteristics reveals that conditions associated with uteroplacental insufficiency are most common in the IUGR group, and include pregnancy-induced hypertension, chronic hypertension, maternal chronic illness, and oligohydramnios. The high cesarean section rate most likely reflects both the higher incidence of maternal illness, and concern regarding fetal compromise. Mortality for the IUGR infants was higher when compared with those of similar gestational age, but less than those of similar birth weight, again highlighting the importance of the comparison group used when comparing mortality in IUGR preterm infants with other preterm infants. Additionally, the time of death is delayed with the median age of death being 11 days for the IUGR group and 2 days for the birth weight group. This delay is associated with a shift in the cause of death from primarily pulmonary to complications related to perinatal hepatorenal compromise. This finding is similar to that found by Bardin et al. 11 where there was a trend towards increased mortality in the IUGR infants (46 vs 35%), with the median age at death being 7 days for the IUGR infants and 2.5 days for the AGA infants.
Infant morbidity from prematurity is much more varied in its response to the addition of poor growth. Hypoglycemia, known to be associated with growth restriction in term infants, was found frequently in the IUGR infants (26%). Additionally, thrombocytopenia was noted commonly (42%) and may reflect the higher incidence of PIH in the mothers rather than the growth restriction itself. We found no severe IVH and PVL in survivors in either the IUGR or gestational age group, but 17 and 13%, respectively, in the more immature infants of similar birth weight. Pulmonary outcomes were effected by growth status. The IUGR group had prolonged ventilator and oxygen days when compared with the gestational age group, but was similar to those of the birth weight group. Chronic lung disease was higher than either comparison group, indicating not only a lack of accelerated maturation, but suggestive of evidence of end-organ damage from the cause of the growth restriction.
Evidence of compromise to the gastrointestinal tract is demonstrated in the increased incidence of NEC, direct hyperbilirubinemia, and other gastrointestinal diagnoses in the IUGR group compared with both the gestational age and birth weight groups. IUGR infants took a similar amount of time to reach full feeds when compared to the more immature infants in the birth weight group. The gastrointestinal and hepatic abnormalities of this group of extremely growth-restricted preterm infants is interesting in light of the growing body of literature in the experimental IUGR animal models showing not only size impairments of both the gastrointestinal tract and the liver, but several basic physiologic and metabolic perturbations in their development. It has been previously reported that IUGR infants who have echogenic gut on in utero sonographic evaluation have a prolonged time until establishment of full enteral feeds. [13] [14] [15] 17 Previous studies of both human and animal models of IUGR have shown IUGR fetuses to have a significant decrease in the length of both their small and large intestines. [18] [19] [20] [21] A survey of the naturally occurring piglet model of IUGR has shown a marked decrease in the weight of the liver, small and large intestines and pancreas, with a decrease in wall thickness, villous height, and crypt depth. 19, 20 Functional differences in the IUGR piglets included decreased mucosal lactase activity and increased maltase and sucrase activity. 19 These perturbations in growth of the intestine quite likely account for the feeding difficulties experienced by the IUGR infants in our study.
Although the direct hyperbilirubinemia experienced by our population of infants is quite likely to be multifactorial, the abundance of data in experimental animal models of IUGR suggests that they have basic fundamental changes in the liver and the liver function. [21] [22] [23] These changes include both a decrease in the liver size evident on prenatal and on post mortem examination, and changes in hepatic histology on autopsy following experimental IUGR, including a greater fat content in the hepatocytes and decreased hepatic hematopoiesis. 22 Alterations in both plasmafibrinogen and prothrombin times have been documented in a cohort of IUGR infants. 24 These infants are also known to have many other specific abnormalities of hepatic metabolism including elevated bile acids in serum, decreased excretion of urea, increased urine ammonia, and decreased metabolism of 15 N-methacetin. 25 Boehm's et al.'s work 24, 26 in human infants shows that intrauterine growth-restricted infants Length of stay of survivors in our study was similar in the IUGR infants and the birth weight infants (84 vs 87 days), both of which were longer than the length of stay for the gestational age infants (48 days). Complications in very-low-birth weight infants such as NEC have been shown to prolong hospitalization. 28 The prolonged hospitalization of the IUGR infants in our study reflects their increased incidence of morbidity that must be overcome in order to be safely discharged home. When counseling parents prenatally and in the immediate newborn period, anticipation of the need for a prolonged hospitalization may help alleviate concerns that arise later in the hospitalization.
A high incidence of hypospadias in males was found in the IUGR group. Recent studies indicate an association between IUGR and hypospadias. [29] [30] [31] [32] Akre et al. 29 found hypospadias occurred more commonly in IUGR infants and those less than 33 weeks gestation. There was also an association of hypospadias and severe pre-eclampsia. Weidner et al. 30 found an increased risk of hypospadias with decreasing birth weight, independent of gestational age. The impact of poor growth and its associated etiologies clearly have far-reaching effects on the growth and development of the fetus. Implications have been found extending into adulthood, with a higher incidence of hypertension, coronary artery disease and stroke in those individuals who were IUGR at birth. 33, 34 The interaction of the abnormal in utero environment with poor delivery of oxygen and nutrition, and the underlying genetic makeup of the infant has yet to be explored.
CONCLUSIONS
The group of infants described in this paper constitutes a growing and important population in the NICU. These infants born prematurely who are also severely IUGR have higher neonatal morbidity and mortality when compared to normally grown infants of similar gestational age, and a unique pattern of morbidity and mortality when compared to those of similar birth weight. It is important to note that these infants have gastrointestinal and hepatic pathology, which is consistent with the metabolic and pathologic findings found in experimental IUGR. Additionally, despite a lower mean number of ventilator and oxygen days, there was a higher incidence of chronic lung disease in the IUGR infants compared to the less mature birth weight group. These complications of their IUGR most likely account for the prolonged hospitalization. We speculate that the higher morbidity is due to end-organ damage in utero from chronic placental insufficiency. Knowing the expected clinical course of the severely growthrestricted preterm infants will be important in enabling more accurate counseling of parents, and anticipation of the complications encountered in the NICU. As we gain deeper insight into the complex interaction of the in utero environment and the underlying genetic potential of the fetus, we may be better able to address the prevention and treatment of these specific complications seen in this high-risk group of infants.
